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ABSTRACT 

We investigate the star cluster population in the outer parts of the starburst galaxy 
NGC 5253 using archive images taken with the Hubble Space Telescope's Advanced 
Camera for Surveys. Based on the F415W, F555W, and F814W photometry ages and 
masses are estimated for bona-fide star cluster candidates. We find three potentially 
massive 10 5 M ) star clusters at ages of order of 1-2 Gyr, implying, if confirmed, a 
high global star formation rate in NGC 5253 during that epoch. This result underlines 
earlier findings that the current star burst is just one episode in an very active dwarf 
galaxy. 
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1 INTRODUCTION 

NGC 5253 is a nearby (D=3.5±0.4 Mpc, McQuinn et al. 
2010a) example of a starbursting blue compact dwarf galaxy. 
Its central regions are dominated by an intense star forma- 
tion that is embedded in an elliptical main body that re- 
sembles a dE galaxy (e.g, van den Bergh 1980; Caldwell 
& Phillips 1989). The starburst zone has been extensively 
studied and consists of star clusters located in a gas-rich en- 
vironment of OB stars and ionized gas (Caldwell & Phillips 
1989, Beck et al. 1996, Calzetti et al. 1997, Tremonti et al. 
2001, Alonso-Herrero et al. 2004). In addition to its unusual 
morphology, NGC 5253 has an abnormally low metallicity 
among star bursting galaxies for its stellar mass ( |Dellen-| 
busch et al.|2007 l and an unusually low HI content (Lopez- 
Sanchez et al. 2011). 

The history of the starburst zone has been studied via 
a variety of techniques. The star cluster populations suggest 
an age of ~20 Myr for the central starburst (Harris et al. 
2004, Alonso-Herrero et al. 2004, Cresci et al. 2005), a re- 
sult that needs to be taken in the context of evidence that 
many of the central star clusters may dissolve over short 
(~10 Myr) time scales ( |Tremonti et al.|2001[ ). The star for- 
mation history of the galaxy as a whole, however, is critical 
to understanding the nature of NGC 5253. Van den Bergh 
(1980) first pointed out the possibility that the peculiar na- 
ture of NGC 5253 could result from a close passage near the 
spiral M 83, its closest giant neighbor in projection. A deep 
HI study by Lopez-Sanchez et al. (2011) could support this 
view in revealing the presence of an HI tidal tail that points 
in the direction of M83. However, as pointed out by Davidge 



(2007), once computing the 3D distance of NGC 5253 from 
M 83, a recent past interaction seems to be unlikely, and puts 
the dwarf in a rather isolated position within the CenA/M83 
group. Alternatively, NGC 5253 could have experienced the 
accretion of a gas-rich companion, as suggested by Kobul- 
nicky & Skillman (1995) based on the evidence that its HI 
gas is rotating about the minor axis of the optical galaxy. 
The detection of a faint stellar tidal tail around the dwarf 
starburst NGC 4449 ( |Martinez-Delgado et al.|2011[ ) empha- 
sizes the potential importance of dwarf-dwarf interaction to 
trigger a start burst. 

Studies of the overall star formation history of 
NGC 5253 thus hold a potential key to its evolutionary his- 
tory. Unfortunately the star formation history during the 
past ~ 2 Gyr has not been determined in any detail. An 
important step was made by McQuinn et al. (2010a,b) who 
used Hubble Space Telescope (HST) images to analyze the re- 
solved stellar populations of a sample of nearby (< 4 Mpc) 
star bursting dwarfs, including NGC 5253, with the syn- 
thetic star formation history recovery technique (for a re- 
view see, e.g., Cignoni & Tosi 2010). For color-magnitude 
diagrams (CMDs) that are shallow due to the distance of 
the studied galaxies, the time resolution in recovering star 
formation episodes is reliable only for the past ~ 0.5 — 1 Gyr. 
However, their models indicate the star formation rate 
(SFR) in NGC 5253, aside from the most recent burst, 
rose steadily during this period. The starburst now seen in 
NGC 5253 is thus not an isolated event, but is part of an 
extensive star forming episode (McQuinn et al. 2010b), al- 
though the full duration of this major event remains to be 
established. 
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Age dating of star clusters has long been recognized 
as offering a powerful means for exploring the evolution- 
ary histories of galaxies (e.g., Woodley 2010 and references 
therein). Caldwell & Phillips (1989) mapped star cluster 
candidates in NGC 5253 using high quality ground-based 
CCD images obtained with the Blanco 4-m telescope at 
Cerro Tololo InterAmerican Observatory. Their catalog con- 
tains 121 candidate star clusters, but they were well aware 
that confusion with stars and galaxies was an issue. Thus 
while this list contains a number of star clusters, and sug- 
gests that clusters are likely to exist in the main stellar body 
of NGC 5253, it inevitably suffers from substantial contam- 
ination. 

With the availability of images taken with the HST 
Advanced Camera for Surveys (ACS), confusion with stars 
and background galaxies can be greatly reduced. In this pa- 
per we complement earlier work on the central young star 
cluster population with a photometric study of candidate 
globular cluster like star clusters in the stellar envelope of 
NGC 5253. Although the reality of the star clusters and their 
abundances must be spectroscopically confirmed, the overall 
sample contains several relatively certain cluster candidates 
whose colors are consistent with intermediate ages, and we 
will single out the three most massive cluster candidates to 
infer a potentially high star formation rate in NGC 5253 1- 
2 Gyr before the present; thus this work represents a first 
step towards a more detailed understanding of star forma- 
tion history of NGC 5253 extending further than 0.5 Gyr 
into the past. 



2 DATA, ANALYSIS, & CLUSTER SAMPLE 

We base this paper on archive HST observations in two fields 
of NGC 5253 that were taken by the Advanced Camera for 
Surveys (ACS) in the F435W, F555W, and F814W pass- 
bands. The observation log is summarized in in Table [T] We 
will refer to the two pointings as Field I and Field II. The 
data were originally observed for program 10765, Principal 
Investigator Andreas Zezas; the date of observation is Dec 
27 th 2005. We base this perp on the ACS pipeline reduced 
and drizzle-combined data products from the archive. 



2.1 Star cluster Identification and Photometry 

A Milky Way like Globular Cluster (GC) with a typical half 
light diameter of order of 3 pc to 10 pc will have an ap- 
parent size of < 0.2", to 0.6" at the distance of NGC 5253, 
or 4 to 12 ACS pixels. The extent can be larger for the 
most extended clusters, i.e., massive star clusters at the 
distance of NGC 5253 will clearly distinguish from point 
sources (also see Brodie et al 2011). In fact, one would ex- 
pect to marginally resolve the brightest stars in the most 
massive clusters. A cluster with the average luminosity of a 
Milky Way GC of Mv ~ —7.2 mag will have an apparent 
magnitude of ~ 19.8 mag and is readily detectable in the 
available ACS observations. While fuzzy, partially resolved 
objects are difficult to automatically detect in images, they 
can be practically identified visually; for this work we rely 
solely on the latter detection method since it is the most 
viable for the limited survey area of the two ACS pointings. 



We create a candidate input catalog by visually search- 
ing bright , unsaturated, and resolved objects in 31 x 31 
pixels median-subtracted F814W-band images. We inspect 
the radial profile and FWHM of each potential cluster dur- 
ing this search to distinguish between stars and marginally 
resolved star clusters; the separation between those would 
not be obvious form a visual inspection alone. The median 
subtraction efficiently removes the diffuse component of the 
host galaxy and limits the dynamical range in the searched 
images. We detected a total of 29 candidates in Field I, and 
additional 2 candidates in the non-overlapping part of Field 
II. We perform aperture photometry in each of the three 
passbands on the drizzled-combined images with the IRAlQ 
apphot package using a 15 pixels aperture radius, and a 
10 pixel wide sky aperture. Given the relatively low back- 
ground din NGC 5253's stellar envelope we chose a single 
relatively large aperture to measure the flux for all clus- 
ter candidates in a consistent manner. The measured flux is 
transformed into the instrumental HST ST magnitude sys- 
tem using zeropoint^] of ZP435W = 25.168, zfs55w=25.688, 
and z F 8i4w=26.799. 

A first attempt to automatically measure the radial 
structure of the star cluster candidates with the IRAF's 
radprof tasks turned out to be unreliable (due to the sub- 
structure in the star clusters), and we resorted to manually 
measuring the full width half maximum (FWHM, i.e., the 
half-light diameter) of the cluster candidates with IRAF's 
imexam routine, which turned out to be much more robust, 
while also providing the benefit of visual feedback. 

The photometric and structural properties of the star 
cluster candidates are presented in Table [2] , and as no pho- 
tometric or structural selection has been applied yet, we 
expect this list to be contaminated by non-cluster objects. 
The location of the clusters candidates are marked in the 
finding chart Fig. IT] and cutout images of the star clusters 
are show in Figured We also show the radial profiles in the 
three colors for all star cluster candidates in Figure [3] 

2.2 Photometry Errors 

A subset of star clusters is located on both observed fields, 
and we use that sample of objects to gauge the accuracy 
of the flux measurements. For the bright objects the differ- 
ence in magnitude between the two observations is of order 
of 0.01 mag, i.e., the error introduced by calibrating and re- 
sampling of the drizzled images is marginal. 

The second obvious source of photometric errors is sub- 
tracting the variable background of the host galaxy. We 
quantify the systematic error of cluster photometry by com- 
paring different sky subtraction strategies in IRAF's apphot. 
The first approach calculates the mode in the sky aperture 
annulus and will reject bright stars, and thus represent the 
underlying diffuse galaxy light. The second algorithm calcu- 
lates the mean level in the sky aperture and will also include 

1 IRAF is distributed by the National Optical Astronomy Ob- 
servatory, which is operated by the Association of Universities 
for Research in Astronomy (AURA) under cooperative agreement 
with the National Science Foundation. 

2 Zeropoints for data obtained before July 4, 2006, see ACS 
Manuaihttp: / /www. stsci.edu/hst/acs/ 
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the light of resolved bright stars. As the latter approach will 
be a better reflection of the underlying galaxy light we will 
use the mean background level in the photometry, but note 
that the background subtraction is subject to stochastic ef- 
fects in the underlying background stellar population. 

We compare the resulting photometry of both back- 
ground subtraction algorithms in the F814W band, and we 
find the difference between theses two to be of the order 
of 0.1 mag; this is the error we assume for the star cluster 
photometry. 



low resolution compared to the ACS images and by the back- 
ground noise of the underlying galaxy light. We estimate the 
background noise at 0.005 counts / sec/ pixel and derive a 
three-sigma detection limited flux for a point source on top 
of the background of NGC 5253 at about 0.3 counts / sec, 
which corresponds to 21.4 magAs- By comparing limits of 
the the NUV-F435 color with a SPP model, the NUV detec- 
tion limit constrains the ages of the three massive clusters 
to be older than 0.5 Gyr, i.e., for none of the three clusters 
the optical color should be dominated by a single red super 
giant star younger than about a hundred Myr. 



2.3 Reddening and distance modulus 



We use a global Galactic foreground reddening of E(B — 
V) = 0.056 mag ( [Schlegel et al.|1998[ ), but we note that ex- 
tinction in the central part of NGC 5253 is highly variable, 
and an additional error source for the cluster's photometry is 
differential internal reddening. However, outside of the cen- 
tral region of NGC 5253, internal extinction becomes less 



important; Calzetti et al. ( 1999 1 assume a constant extinc- 



tion of E(B — V) = 0.05 mag to account for internal extinc- 
tion. Since we concentrate on star clusters with significant 
distances to the galaxy's gaseous center, we choose to ig- 
nore internal extinction, but note that it could still play a 
role (the dust finger in NGC 5253 should be a warning). In 
this paper we will not correct the photometry directly, but 
rather apply extinction corrections to the stellar population 
models. 

We adopt a distance modulus of DM = 27.7 mag from 
the NED data base, which is consistent with the distance 
modulus of 27.75 mag and 27.65 mag found from the tip of 



the red giant branch (TRGB) luminosity by McQuinn et al 
(2010a I when fitting the CMDs for the high and low surface 



brightness regions of NGC 5253, respectively. 



2.4 Stochastic effects on cluster photometry and 
GALEX cross-matching 

Due to the diminishing population of stars at the high mass 
,i.e., luminous, end of the stellar mass function, the evolu- 
tion of a single massive young star onto the red supergiant 
branch in a star cluster could cause the integrated color of 
that very cluster to falsely appear like that of an older, more 
massive star cluster (e.g., Wcidncr ct al. 2004). According to 
Fig. 2 of their paper, star cluster with an age older than 10 s 
years are not expected to effected by this confusion. Near 
UV photometry of a star cluster is better suited to identify 
very young star clusters than the available ACS photometry 
alone, and we have searched for UV emission by the cluster 
candidates in an archival Galex near-UV (NUV) image (im- 
age stack GI6_026013_NGC5253; exposure time 2212.3s; PI: 
Evan Skillman). We do not find significant near-UV emis- 
sion in any of the star clusters, but quantified a detection 
limit in the UV for the three cluster candidates #2, #6, and 
#7. These three star cluster candidates will be identified 
in Section 3.2. to be the most massive star clusters in our 
sample and will be used to infer a star formation rate based 
on the most massive cluster formed during a star formation 
event. 

Thus these three candidates deserve increased scrutiny. 
UV detection in the Galex image is severely limited by a 



3 PROPERTIES OF STAR CLUSTERS 

In the following we will investigate the age and masses of the 
star cluster candidates as far as the limitation of three-color 
photometry allows. The sample of star cluster candidates is 
presented in Figure [4] We show the CMD of all star clus- 
ter candidates in the left plot, and the FWHM of the the 
candidates plotted versus the cluster's colors on the right 
side. The colors in these two figures are instrumental ST 
system magnitudes, whereas in the CMD the F814W mag- 
nitude has been dereddened with Ai = 0.109 mag, and a 
distance modulus of 27.7 mag has been applied to obtain ab- 
solute magnitudes. The cluster candidates separate into two 
groups in the color space, which we identify as probable star 
clusters, and red background galaxies. We separate cluster 
galaxies and likely background objects with a color cut at 
F555W— F814W = 0.5 mag. This color cut is better justified 
by the locus of the star cluster candidates when compared 
to the Starburst99 single-stellar population (SSP) models 
( Leitherer et al.|1999 l in a color-color diagram (see Fig. [5 1. 
We note that a distinction between star clusters and back- 
ground galaxies would not be possible based on the structure 
of the candidates alone (see Fig|3|. In Figure |4j background 
objects are plotted with open circles, and compact objects 
with a half light radius of less than 4 ACS pixels are plotted 
as asterisks as they might not be star clusters, but other 
unclear identifications. We choose a FWHM cutoff of 4 pix- 
els for bona-fide star cluster candidates for their expected 
size range based on the earlier comparison with the Milky 
Way's GC system and the resolution limit of the ACS im- 
ages (FWHM of order of 2 pixels). Bona-fide star cluster 
candidates are plotted with filled circles. 



3.1 Cluster Ages & Masses 

In Fig. [5] through Fig. [7] we show the instrumental color- 
color diagrams of the cluster candidates. Each plot is over- 
layed with a Starburst 99 SSP model with a metallicity 
of [Fe/H] = -0.3 dex, [Fe/H] = -0.7 dex, and [Fe/H] = 
— 1.7 dex, respectively. The population evolution model has 
been reddened with E(B—V) = 0.056. We approximated the 
reddening vector by applying extinction values as defined 
for the B, V, and I band filters and an G2-star template 
according to |Sirianni et al.| ( |2005[ ). All three SSP models 
provide an overall viable approximation of the star clusters 



3 The model was obtained using the GALEV stellar population 



synthesis model portal (Kotulla et al. 2009) in the ST mag system 
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in the color-color diagrams, underlying the degeneracy in 
age and metallicity, whereas the two more metal-rich mod- 
els ([Fe/H] = -0.3 dex and [Fe/H] = -0.7 dex) seem to 
approximate the entire star clusters candidate population 
better than the most metal poor model. 

An accurate age determination of the star clusters based 
on SSP is limited by the degeneracy of age and metallicity 
in the available colors. Nevertheless, we determine age and 
mass for each of the star cluster candidates for each of the 
three metallicities by finding the best fitting model in the 
sense of the smallest distance between the evolutionary track 
and the measured three-color photometry. We derive the 
initial mass of a star cluster by scaling the F814W-band 
luminosity of a cluster to the best fit SSP model luminosity 
(the SSP model has been generated for a 10 s M0initial mass 
SSP). Formal errors in age are derived by finding the best 
fit SSP model when both colors are simultaneously varied 
by ±0.1 mag according to the photometric uncertainty. 

The resulting masses and ages of bona-fide star clusters 
are shown in Figure [8] only star cluster candidates with 
a FWHM ^ 4 pixels are shown. We note that the formal 
uncertainty of an age determination is of order of a a few 
Gyrs, but the modeling uncertainties are clearly dominating 
as demonstrated by the different age-mass distribution of 
the star clusters when different metallicities are assumed. 



3.2 Star formation rate from the maximum mass 
star clusters. 

The estimated mass and age of the cluster candidates is 
highly depended on the assumed metallicity, and the three 
color photometry does not allow a case by case determina- 
tion of the metallicity for each cluster. We thus assume a 
metallicity of [Fe/H] = —0.7 as the closest approximation 
among the three models for the entire star cluster popula- 
tion, since the present day gas abundance in NGC 5253 is 
about l/4 th solar. However, without spectroscopic follow-up 
observations the remainder of this section remains specula- 
tive, especially since the infall of new gas as indicated by 
|L6pez-Sanchez et al.| ( |2011| ) could invalidate any assumed 
priors such as a strict age-metallicity relation for the stellar 
populations in NGC 5253. For the assumed metallicity we 
find three massive star cluster candidates that are of partic- 
ular interest in the age range between 1 and 2 Gyrs, and a 
mass range of 4 to 12 x 10 5 Mq; these clusters' identifica- 
tions are #2, #6, and #7. As can be seen from Fig. [8j the 
position in the age-mass diagram of these clusters remains 
similar if assuming [Fe/H] = —0.3. 

The maximum mass of a star cluster at a given age in- 
terval can be used to infer the star formation rate at that 
time (Weidner, Kroupa, & Larsen 2004, Bastian 2008). Us- 
ing Fig. 3 of their paper, we infer a possible star formation 
rate of order of 1 to 10 Mq /yr for the epoch when those star 
clusters were formed. This compares to a current global star 
formation rate of 0.2 M©/yr in NGC 5253 (summarized in 
Lopez-Sanchez et al.|20lT l, and a star formation rate of or- 
der of 0.4 M /yr 450 Gyr ago ( |McQuinn et al.|2010b) , once 
taking into account the uncertainties of our age determina- 
tions. 

Regarding the origin of the enhanced star forma- 
tion epoch about 1 to 2 Gyrs in the past, we can re- 
strict the possible scenarios by computing the physical 



distances of NGC 5253 to the dominant giants of the 
CenA/M83 complex. Assuming the TRGB distances com- 
puted by Karachentsev et al. (2007), NGC 5253 is located 
~ 0.8±0.2 Mpc away from CenA and ~ 1.7±0.5 Mpc away 
from M83. Even considering the large errorbars, it is rather 
unlikely that the dwarf has been close to any of the two 
giants in the past 2 Gyr, while based on the angular sep- 
aration alone such an interaction would appear feasible. A 
possibility is that NGC 5253 is simply experiencing a "gasp- 
ing" star formation history, typical of dwarf irregular galax- 
ies (e.g., Marconi et al. 2005), such that the star formation 
episodes are regulated primarily by its mass rather than by 
the surrounding environment. We cannot however exclude a 
possible interaction with other low-mass dwarfs or with the 
intra-group medium of the CenA/M83 group. On the other 
hand, the current central starburst could be an independent 
event triggered by the infall of intergalactic gas, as suggested 



by Lopez-Sanchez et al. (20111 



4 SUMMARY & CONCLUSIONS 

The availability of ACS F435W, F555W, and F814W imag- 
ing of NGC 5253 provides the basis for a new survey to de- 
tect star clusters outside of the starburst core region. Due, 
however, to the relatively high stellar density in the main 
body of NGC 5253, difficulties still exist in separating back- 
ground galaxies and foreground stars from star clusters. We 
therefore experimented to determine if quantitative inten- 
sity profile measurements of star clusters, foreground stars, 
and the best star cluster candidates could be used to find 
clusters. Our results for single bandpass images demonstrate 
that such differences do not exist at sufficient high levels 
to distinguish clusters form contaminating objects. On the 
other hand, star clusters follow a relatively well-defined lo- 
cus in the F555W-F814W vs. F435W-F555W STMAG sys- 
tem, so a combination of structure and color selection has 
been used to yield a list of likely star cluster candidates. As 
shown in Figure 8, the majority of candidate star clusters 
in the outer parts of NGC 5253 have ages of up to ~2 Gyr 
for an assumed metallicity of [Fe/H]= —0.7. This is chosen 
to match the abundance of the gas content of NGC 5253. 
Given the age-metallicity degeneracy, not resolvable with 
photometric data alone, the derived ages would be older if 
choosing a lower metallicity value. A spectroscopic study is 
needed to confirm the clusters and to better constrain their 
metallicity to fully define their properties. Their presence, 
however, is consistent with other literature results, showing 
that NGC 5253 experienced a long term epoch of enhanced 
star formation within the past ~1 Gyr. 
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Figure 1. Finding chart for star cluster candidates in NGC 5253. The lower-left part of the image is Field I, and the upper right part 
is Field II. Color-selected cluster candidates are plotted with orange circles, background galaxies are plotted with yellow circles. 
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Figure 2. Cut-out images for all star cluster candidates. Each 
image is 64x64 pixels large, or 2.5" on sky. 
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Figure 3. Normalized radial profiles of the star cluster candidates in the F435W (blue), F555W (green) , and F814W (red) filters. The 
arrow marks the half light radius in the F814W band. The classification into clusters and background objects is solely based on a color 
cut. 
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Figure 4. Left: Color-magnitude diagram of star cluster candidates, where the F814 magnitude is dereddened and corrected for distance. 
Colors are uncorrected. Right: Full width half maximum in the F814W band of cluster candidates shown as a function of their colors. 
The most massive cluster candidates #2, #6, and #7 are marked with a red circle. 
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Figure 5. Color-Color magnitude diagram of star cluster candi- Figure 6. Same as Fig. [5] but with an metallicity of [Fe/H] = 

dates. A clump of very red objects (red open circles) is identified —0.7 dex. 

as probably background galaxies. A STARBURST99 single stellar 

population evolutionary track for a metallicity of [Fe/H] = —0.3 

dex is plotted on top; the model has been reddened to correct for 

foreground extinction. The arrow indicates the direction of the 

reddening correction. Stellar population ages of 0.5 Gyr, 1 Gyr, 

and 10 Gyr are indicated by the labels. Cluster candidates #2, 

#6, and #7 are marked with a red circle. 
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Figure 7. Same as Fig. [5] but with an metallicity of [Fe/H] = Figure 8. Best-fit age and mass estimate for star cluster can- 

— 1.7 dex. didates with a FWHM of more than 4 pixels. The ages and 

masses were estimated assuming metallicities of -1.7 dex (crosses), 
-0.7dex (open circles), and -0.3dex (filled circles). The most mas- 
sive clusters #2, #6, and #7 arc marked with a red circle, and the 
statistical uncertainty in age (propagated form the photometry, 
see Sect. 3.1) is shown for these objects. The systematic uncer- 
tainty of their ages and masses due to the unknown metallicity 
is represented by spread of the data points for the three different 
metallicity models. 
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Table 1. Observations 



Field 


R.A. (J2000.0) 


Dec (J2000.0) 


Filter 




Drizzled data product 


Field I 


13 39 59.23 


-31 37 40.7 


F435W 


880 


j9k501020_drz.fits 








F555W 


1200 


j9k501010_drz.fits 








F814W 


1160 


j9k501030_drz.fits 


Field II 


13 39 52.24 


-31 39 08.2 


F435W 


879 


j9k501060_drz.fits 








F555W 


1200 


j9k501040_drz.fits 








F814W 


1200 


j9k501050_drz.fits 



Table 2. Star Cluster Candidates 



ID 


x-centei 


a 


y-center 


F435W ST [mag|°| 


F555W ST [mag] 


F814W ST [mag] 


FWHM [pixels] 


Cluster / 




4110.06 




21 92 


Z_L .OO 


99 no 


-I \ 


n 

u 


2 


4117.64 


AClAI 1 Q 


1 S 7 A 
lo. ( *± 


1 S fi9 


1C Q1 

ro.yi 


i i 


o 
u 


Q 
O 


3656.82 


Q7Q9 9fi 


i r fin 


1 S 71 


1 Q '38 
ry.oo 


'3 ^ 


u 


A 

4 


3025.6 




QfiQ7 
ODO 1 


9/1 1 9 
Z4. 1Z 


9*3 c;^ 
zo.oo 


99 '39 


O . 


i 
i 


5 


3651.61 


3459.51 


20.64 


20.47 


20.69 


7.0 





6 


3685.92 


3456.6 


19.11 


19.04 


19.36 


7.2 





7 


3817.05 


3231.32 


18.74 


18.55 


18.72 


5.7 





8 


3855.92 


2673.82 


20.95 


20.80 


20.96 


4.1 





10 


2674.44 


2547.97 


19.99 


20.12 


20.48 


7.0 





11 


2526.8 


2592.55 


20.35 


20.12 


20.30 


2.7 





12 


2053.68 


2568.68 


23.05 


21.88 


21.06 


3.5 


1 


13 


857.57 


2262.8 


21.80 


21.61 


21.32 


7.0 


1 


14 


2254.81 


1959.67 


20.91 


21.17 


21.86 


7.4 





15 


3722.9 


2048.28 


20.26 


20.14 


20.43 


7.2 





16 


3614.96 


1782.53 


24.27 


23.17 


22.17 


3.2 


1 


17 


1940.46 


1415.51 


21.47 


21.44 


21.87 


3.2 





18 


2761.18 


1064.39 


21.70 


21.80 


21.91 


3.2 





19 


916.859 


1080.38 


22.82 


21.93 


20.96 


3.4 


1 


20 


715.651 


667.558 


23.49 


22.60 


21.71 


2.7 


1 


21 


935.941 


200.445 


23.90 


22.87 


21.33 


1.9 


1 


22 


2530.81 


1849.43 


20.42 


20.23 


20.47 


4.5 





23 


1170.34 


1710.48 


20.52 


19.68 


19.08 


3.1 


1 


24 


2036.42 


2177.92 


22.15 


22.10 


21.50 


3.4 


1 


27 


3888.33 


2461.27 


20.91 


21.02 


21.52 


9.4 





28 


2616.24 


285.85 


23.15 


22.29 


21.50 


2.8 


1 


29 


792.366 


1664.62 


21.68 


21.63 


21.83 


20.0 





102 


2258.51 


1049.08 


21.02 


20.77 


21.01 


8.0 





103 


2887.87 


2124.9 


21.64 


21.46 


21.63 


4.4 






a Coordinates are in F814Wband image pixels; coordinates are in Field I for IDs 29, and in Field II for 
IDs ^ 100. 

^ The typical systematic error for the photometry is 0.1 mag (see Section 2.2). 
c as measured in the F814W band 

^ Classification into star clusters (0) and background galaxies (1) by color separation as discussed in Section 
3. 



